Abstract-With the growth of the mobile internet, the popularity of multimedia services and applications have increased rapidly. As a result, end-users become quality-conscious. To fulfill the users' expectations, the study of quality of experience (QoE) is becoming very important for both researchers and service providers. This paper analyses the impact on perceived quality of received videos encoded with the H.264 baseline profile, which is suitable for mobile video, and streamed through an emulated network with packet loss and packet delay variation. To evaluate the video QoE, tests are conducted on a mobile device and on a laptop. The users' responses show that the baseline profile of H.264 is very sensitive to packet loss and packet delay variation. Moreover, there is no considerable impact on users' perception either test is conducted on the mobile device or on the laptop by playing the same resolution video.
I. INTRODUCTION
The use of applications on mobile phones and particularly on smart phones are increasing with rapidly growing mobile internet. Amongst other services, the popularity of multimedia services and applications are increasing rapidly. Moreover, the capabilities of mobile phones in terms of processing power, memory, color display and other functionalities are improving continuously. As a result of this growth and exposure, the user expects good Quality of Experience (QoE). Real-time applications and multimedia services can affect user perception very quickly, as compared to other applications on Internet. Due to this consciousness of the users, service providers, application developers and research community are focusing on user QoE. Therefore, to send the video across the network, several techniques for video compressions are in use [1] , one of the most widely used codecs is H.264/AVC (Advanced Video Coding). It is used with different applications and each has its own specific requirement, so it is divided into different profiles with respect to their usage [2] . For example, the mobile applications use the Baseline Profile (BP) of H.264.
Nowadays the mobile phones are used for many tasks beyond making phone calls [3] . Especially mobile videos are getting popular. Mobile video quality can be degraded over the internet due to network disturbances, such as packet loss and packet delay variation [4] .
In this paper we study the QoE of H.264 baseline profile for defined values of packet loss and delay variation, which is suitable for mobile video streaming [2] . Moreover, we also investigate the role of video playing device (in this case mobile phone and laptop) on QoE for a fixed resolution video. In order to achieve these research objectives, an experimental set-up was implemented to emulate the characteristics of a network, over which videos were transmitted. Subjective assessments were realised following the recommendations from the International Telecommunications Union (ITU) [5] , [6] . The results are calculated and presented using Mean Opinion Score (MOS) and statistical methods.
The remainder of this paper is organized as follows. Section II covers the related work and Section III describes the experiment setup and assessment methodology. The results are presented and discussed in Section IV, while Section V concludes the paper.
II. RELATED WORK
A set of studies have addressed the video quality perception for video and different codecs. Calyam et al. [7] made a comparative study of subjective and objective video quality. They added disturbances of loss, delay and jitter to the same video sequence and found that jitter has the biggest effect. Claypool et al. [8] realised a subjective perception study for the codec MPEG-1 making variations of jitter and packet loss. Hands and Wilkins [9] performed video quality assessment by using the codec MPEG-1 and changing the packet loss and burst size.
Previous work has also addressed studies employing the codec H.264, using subjective and objective methods. Jusmisko et al. [10] worked in a subjective analysis comparing different codecs H.263, H.264 and XviD for mobile devices. Lin et al. [11] presented a model for packet prioritization for different GOP structures of H.264 and MPEG-2. The article by Loguinov and Radha [12] analysed the behaviour of different parameters in video coded with MPEG-4. De Simone et al. [13] offer a database of H.264 videos for research community and made experiments with packet loss.
Some studies that have addressed the quality of video for H.264, mention the profile used. For example, [11] and [13] used the high profile, [14] used the main profile, and Ries et al. [15] used the baseline profile for quality estimation based in motion characteristics.
Furthermore, studies of video quality perception for mobile devices in some cases are carried out using a monitor or big LCD display instead of a mobile phone [16] , [17] . Further, in the study done by Jumisko et al. [10] , mobile phones were used but the phones were attached to a fixed stand, so the user was not able to manipulate the phone as it would be the case in real life scenarios.
People have different perceptions of quality for different media devices. Television and computers are usually at a fixed distance in contrast with hand-held devices on which distance and angle can be adjusted easily by the user. The perception changes according to the image size. Previous TV experiments carried out found that the general rule to be the bigger the image the better quality perceived [18] .
Consequently, a study that tests the user perception of video quality on different network conditions, for packet loss and delay variation encoded with H.264 and considers characteristics for mobile devices, will contribute to understanding the expectations of the users with mobile devices. Further, an understanding of the role the device plays in the user perception of packet loss and delay variation is required.
III. EXPERIMENT SETUP
The emulation setup shown in Figure 1 is used to carry out the experiments. The Streamer (S) is responsible to send the original encoded video sequences through the Shaper (TS) to the Player (P), using the UDP protocol. A full-duplex link of bandwidth 100 Mbps is used from S to D. For streaming, VLC is used, while for delay variation and packet loss shaping the Network Emulator (NetEm) is used, as it provides the best delay shaping as compared to other shapers [19] .
Computer S is a Toshiba laptop with an Intel Core Duo T2450 2.00GHz processor architecture running Ubuntu 10.04 LTS Linux, while computer P is a MacBook Pro with an Intel CPU Core 2 Duo 2.40 GHz, running MacOS X 10.5. Both computers are running the VLC media player version 1.1.3. The shaper computer has an Intel CPU 2.66 GHz with Linux kernel 2.6.23.9. Since we are using a Linux kernel version higher than 2.6.14, NetEm performs re-ordering of packets if the jitter exceeds the inter-packet time and if the default configuration is used. Thus, in our experiments, we may face packets re-ordering, which is not corrected. We saved the streamed and disturbed videos in database (DB) using VLC. The jitter buffer of VLC is set to be zero to see the immediate effect of network impairments. In the second step, the (impaired) videos will be played back as shown in Figure 2 , which be explained in detail at the end of this section. The shaping values were chosen from literature review and laboratory testing. Laboratory tests were performed for all experimental values of packet loss or delay and for the final assessment; we selected the values where the MOS ratings were changed significantly. This happens for instance when delays of 200 ms or more are applied, due to glitches at the start-up of the video that affected the user rankings. For this reason, we applied a fixed delay of 150 ms. In case of delay variation (∆D), a test was performed for 0 ms to 50 ms with an increment of 2 ms. We found that the video content got lost when ∆D > 16 ms. So the setting used for the shaping of delay (D) and varying delay (∆D) were 150 ± {0, 2, 4, 8, 12, 16} ms with normal distribution. Similarly, for packet loss shaping experiments were performed for 0.1% to1% with increment of 0.1% and from 1% to 15% with the increment of 1%. Various studies modelling packet loss in different networks show values below 10 − 15% [4] , [9] . In [20] , the authors consider loss ratios between 0 to 90% while in [21] utility value of videos were estimated for 1% to 10% of packet loss. In laboratory tests, all video sequences are shown to the users, and those values of packet loss were selected that caused significant changes in MOS. In particular, we found that user rating remained similar from 0.1% to 0.4%, 0.5% to 0.8% and so on. In case of packet loss greater than 7% the content of video was lost. Thus, the selected values for packet loss became 0.4%, 0.8%, 3%, 5% and 7%.
Video quality assessments can be objective and subjective. In subjective quality assessment, the description of quality is based on human perception and can be different between subjects [7] . Human perception involves various aspects of human psychology and viewing conditions, such as vision ability; lighting conditions; preference for content; displaying devices; and understanding of the rating criteria [22] . Absolute Category Rating (ACR) is considered to be well-suited for qualification tests [5] and was applied in several studies [23] , [14] , [13] .
Another option considered was the software called Perceptual Evaluation Video Quality (PEVQ) [24] . It is a software approved by the VQEG and ITU-T that performs an objective analysis of the video and gives a good correlation with the subjective MOS. However, in [25] the authors questioned the performance of PEVQ for the particular case of freezing and jumping artifacts of video as compared to the user's rating.
The videos were taken from a commonly used repository for the purpose of video quality assessment studies [26] as suggested by De Simone et al. [13] . The selected videos used for experiments are Football, Foreman and Hall-monitor. The length of each video sequences is between eight and ten seconds, which is the length suggested by ITU-T [5] .
The video sequences used for this study are encoded with H.264 Baseline Profile, level 1.3 because it is recommended for mobile videos. We used FFMPEG with libx264 for encoding. Each sequence has a frame rate of 30 fps and a bitrate of 768 kbps. Previous video studies for mobile have used the QCIF (176 × 144) resolution [10] , [15] , [16] ; in some cases using mobile devices and some others displaying the video on a computer monitor displaying the QCIF resolution. For this study was decided to use higher resolution Quarter Video Graphics Array (QVGA) (320×240) to cover the new segment of modern phones, which also should be capable of consuming 768 kbps.
Assessment Methodology: The assessment sessions were held in rooms conforming to the specifications of the ITU-T [5] at the premises of two academic institutions in Kristianstad and Karlskrona in Sweden.
Two mobile devices were used for the assessment. A laptop Toshiba Satellite with an Intel Core Duo T2450 2.00GHz with a LCD display of 15.4 inches (diagonal) widescreen TruBrite TFT with resolution 1280×800, and an iPhone 3G. The media player VLC version 1.1.3 were used on the laptop and the standard media player from Apple Inc. on the iPhone Mobile Phone. In some cases, the series of experiments started on the laptop, in other cases on the mobile. The impaired videos were shown in random order. There was a short break between the series on both devices in order to make the viewers relax.
For the mobile phone the user was able to choose the angle and distance to watch the videos. This imitates what happens in a real-world environment where the user can move the device as desired to achieve a comfortable viewing position.
The video sequences shown on the laptop complied with the recommendations made by the ITU-T [5] . The videos were played in VLC using the original resolution of the video sequence (320 × 240), in the center of the screen, with the background set to fifty percent grey.
IV. RESULTS
This section presents the results collected from the assessment sessions. During the assessment sessions, 34 volunteers graded the 33 videos sequences using the scale Excellent (5), Good (4), Fair (3), Poor (2) and Bad (1) . Each video was shown on both a laptop and on a mobile phone. In total 66 video sequences were shown to the subjects. Figures 3 and 4 show the graphs of the MOS for the packet loss for the laptop and the mobile phone, respectively. The graphs illustrate that the smaller the values of loss the higher MOS, indicating better user perception of the video. As packet loss increases, the MOS drops steeply, but it remains "fair" until values of packet loss between 0.4% and 0.8%. From 5% packet loss the value of the MOS is close to 1 (bad). This behaviour suggests that packet loss is an important factor to consider. If videos with several percent of loss were provided as a service, users might consider stop watching. The video sequence encoded with H.264 and without distortions was graded with a MOS that lies between 4.50 and 4.18, although there are no disturbances. This shows that the viewers in some cases are reluctant to score the videos as "excellent." This behaviour was also found in other studies [14] .
A. Packet loss
For the different videos affected by packet loss, it is noticed that the video with the lowest MOS, in both cases, is the Football video. For the video Hall-monitor in both devices the MOS decline to poor (2), and then it seems that there is not a big variation between 3% and 7%. The video sequence Foreman is the video with the lowest MOS for 7% loss.
The values calculated for the confidence interval for packet loss are shown in Figure 5 . The x-axis shows the video sequence (FM = Foreman, HM = Hall-monitor, FT = Football), the device that was used to present the video sequence to the observer (L = Laptop; P = Mobile phone) and the percentage of packet loss emulated. The y-axis refers to the MOS. We can see that there is not a big difference within the three different video sequences for each of the packet loss values. The tendency shows that for bigger values of packet loss, the rate degrades for all the video sequences. In general, for values above 5% of packet loss the observers rate close to 1 (bad), with slightly higher MOS values in case of the Hall-monitor video sequence in both devices. 
B. Packet Delay variation
The delay variation results were plotted in Figures 6 and 7 . It is shown that for a small increase, the delay variation of the MOS decreases dramatically. For a variation of only ±2 ms the MOS for the Foreman and Hall-monitor videos decays to a value close to poor. The video sequence Football is less affected by the delay variation for values between ±2 ms and ±8 ms. However, for bigger variations the MOS is similar for the three video sequences. Delay variation above ±8 ms for all the video sequences leads to a MOS close to bad (1), indicating a reject of the video from the observers. In Figure 7 , we can see that for the Football sequence, the MOS does not vary for delay variations between ±2 ms and ±4 ms. Figure 5 . The y-axis refers to the MOS. It is appreciated that the Football video sequence gets higher rates between ±2 ms and ±8 ms, the higher rates become less obvious for the values of ±12 ms and ±16 ms. Table I shows the regression analysis of packet loss and packet delay variation shown in figures 3, 4, 6 and 7. The second-last column shows the approximation for every individual case, and the last column shows the R squared values that should approach one in the case of a perfect match. In the case of loss, the power regression model fitted best, while in the case of delay, an exponential function was superior. The MOS values for zero loss ratio and zero packet delay variation could not be considered for the power regression model and were thus disregarded in general.
Despite not adding both disturbances to the same video, we can notice that it is likely that the perception of quality in the video degrades more for small changes in the delay variation. This is similar to the findings of the study performed by Fiedler et al. [20] for the type-p reordered ratio in case of the iLBC codec.
C. Mobile phone and laptop
The MOS for the packet loss and delay variation was plotted for both devices, the laptop and mobile phone, in Figure 9 Parameter and Figure 10 , respectively. For both graphs we can notice that the results are almost the same for both devices. The biggest difference is found for packet loss of 0.4%. In this case, weobtained a MOS of 3.19 for the laptop, and for the mobile phone a slightly higher rating of 3.34. To identify if these variations are significant, we applied a matched-sample t-test. This test is used when we have two matched or correlated samples, and when we need to test the difference between two averages [27] . In this specific case, we compared the mean between the ratings per user obtained for the laptop and the ones obtained when the observers used the mobile phone as displaying device.
Let us consider thatū L is the average for the laptop,ū P is the average rating for the mobile phone. Thus, the hypothesis is ifū L =ū P is true, then there is no difference between doing the experiment on the mobile phone or on the laptop when using the same resolution in both devices.
If we consider the difference of the meansū D =ū L −ū P , then the hypothesis can also be expressed as:
This test requires the calculation of the t calc parameter, which is defined as:
whereD and s D are the mean and standard deviation of the difference scores between the data obtained for the laptop and mobile phone. According to our hypothesis,ū D = 0 , and N is the number pairs of difference scores.
After calculating the t calc parameter, it is compared with t table that is obtained from the Student-t distribution table [27] . The t table value depends on the level of significance, in this case a 95% confidence interval is used. Thus, the level of significance is 0.05, the degrees of freedom (df) is defined as N − 1 = 33. The value from the table to compare in our case corresponds to t table = 2.042. If t calc < t table we fail to reject the hypothesis, so there is no evidence to suggest that the different devices affect the perception of the shown video. Table II presents the results for the calculations for each of the video pairs, referring to the same video sequence presented on the laptop and on the mobile phone. The comparison of t calc with t table reveals that for the most of the video sequences, there is no evidence to suggest that the different devices affect the perception of the shown video. Therefore, we can conclude that there is not a significant difference between doing the experiment on the mobile phone and on the laptop displaying the same resolution. Overall very similar rating behaviors were observed for both devices.
V. CONCLUSION
In this paper we investigated the mobile video quality of experience, encoded with the H.264 baseline profile. The network performance parameter plays an important role on the quality of streamed video. In this study we focused on the effect of packet loss and packet delay variation on mobile video quality of experience. We found that mobile video encoded with the H. 264 baseline profile is very sensitive to the network disturbance, and that user ratings dropped quickly with nominal packet loss and packet delay variation. Moreover the users rating survey is conducted on mobile phone as well as on the laptop. Results for both devices were compared using matched-sample t-test. We did not find any strong evidence to conclude that devices have any impact on user perception for video which has the same resolution. In other words, the assessment of mobile video quality can be performed on laptops as well; mobile phones are not needed.
